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SUMMARY OF RESULTS 


PART ONE 


This investigation has established the following facts: 


(a) 


(b) 


we ) 


(d) 


Above an effective length/radius of gyration of about 
78, extruded bulb angle sections follow the bBuler 
CUPS. 

in the short column range the Straight Line Formula 
gives a more conservative value than the Jonnson 
Parabolic Formwale. 

From the experimental data the ee liwnisee for 
24ST extruded sections was found to be 17000 lbs/in*. 
When investigating extruded bulb angle sections usec 

as columns for possible local plate failure, since the 
condition of support at the base of the angle is neither 
clamped nor simply guops) ras but an intermediate case, 
it is suggested that a value of K equal to 1.00 be used 
in the formula of Timoshenko for plate failure, when 
the ratio length/width is greater than four. Unfor- 
tunately, this suggestion is made on the basis of only 


two experimental plate failures. 








ie 


STATEMENT OF FROBLEM 
-At the present time extrusions of various shapes 

are used in aeronautical construction, replacing sections 
made up of bent flat sheet. The properties and cherac- 
teristics of the latter are known with sufficient accuracy; 
however, very little is known of the behavior of extrusions 
when acting alone as @ column or as a stiffener attached 
Go snmeect. 

It was considered advisable, before investigating the 
Preperties of sheet with attached extruded sections, to look 
into the behavior of the extruded sections when acting alone 
in compression. 

Wnen @ éolumh is acting alone under compression,failure 
may occur in any of the following ways: 

(a) Failure as an Zuler Column. 

(bo) Pailure by local — bueke] ine. 


(c) Torsion failure. 


Part One of this research is devoted to an investigation 
of the behavior of twelve representative extruded bulb angle 
sections when acting alone as columns. 

Part Two of this research is devoted to an investigation 
of the behavior of extruded sections when acting as stiffeners 


riveted to sheet. 


ay. 





PART ONE 


III. THEORETICAL CALCULATIONS © 


A development of the theory of effective lengths is 


reproduced from the Parr-Beakley thesis of 1935‘)? This 


method was originally deduced by Dr. von Karman, 


A End 


> Block The equation for the bending 





of a beam is 


nw 


BI ‘2 °Py (12 


P. 12. 


Flexible 
Beam 


x 


the solution of which is 


y si cosPwe ' x (2) 


Boundary Conditions: 

AB and CD are supposed to 
be of infinite rigidity and 
hence are straight lines, treree 


fore 


(for small angles) 


(3) 









and equation (3) gives the exact value of the P 





Euler 
for the case considered, 
For @ 20 we obtain cot} 4 4 = 0 
El ae 
i,ef—. L=i O _ WI 
2 ye PPS aaa 
Puttingy—t L = Z equation (3) may be rewritten 
ZtenzZ.e = (5) 
ca 
ii 
7 ze 
Pup #1: 42" (6) 
L© 


and comparing equation (6) with equation (4) it is seen 
That the effective length 
Lie 


= oz 


L 


eaerefore: 


ata k (Ling ob) 1s ; 1) 


or sudstituting from equation (5): 


i 
q! -a(— - 2) ten 2 


os 2] se 
ie e @ tan 2Z 


-6a- 

















and so, if we take different values of Z we can calcu- 


late corresponding values of a! and 7 








Z tan Z a/L a'/a 
T 
» 2 Oo 0 1.0 
2 
17 114 0.029 0.999 
ao 
Balt 3.732 0.102 0.982 
12 
> 1.732 0.275 0.907 


It may be seen from the table that even where the 
rigid block equals 27.5% of the lenzth of the beam proper, 
90.7% of the length of the rigid portion is to ve added 
to the length of the beam to give the effective length. 

We will now apply this theory to the research problem 


(Fig.l). 
at hand. From the data above, plot a curve of a/L vs a'/a 


We obtain: 

a i Be. - a'/a (from cu 
1.125 22 0.0512 0.996 
1.125 ererD C.0682 0.998 
1.185 a] 0. [Gee 0.982 
14426 2. 0.2045 0.9417 


Je 





mo find L 
effective: 


att 
Lipp = Lt 2a. a /a 


= 2242.25 x.996 = 24,24" 


= £8.87 2.25 X.992 « 18.735 


= ll+ Be} x%.982 = Looe 1" 


5.0 eee x.9417 = 1. oe" 


Knowing the column effective length it is now possible 
to proceed with a study of the theoretical curves of 
an muye . 
In the long column range we shall use the fuler formula: 
Gor 2 oH* 3 (1) 
= 


( 


where C eo. 0 


In the short column range both the Johnson Perabolic 


formula and the "Straight-Line" formula were plotted, 





(Fig.2) } 
P eS 
Ger = fy - ae (2) 
ia” & 
Tap = 48000 - 400 (~8e) (3) 


Investigations by W.L. Howland at California Institute 
of Technology have placed the proportional limit of aluminum 


alloys at 19000 lbs/in® (24ST). Our investigations offer 


apes 





an opportunity to check tnis value, since at this stress 
the experimental points should separate from the Euler 
curve. 

This has been carried out approximately as follows: 
Knowing the value of Lert /p at which the experimental 


points leave the “uler curve we may solve for 


2 e 
ee ee 








(Letr)” 

fp 

Siena - ee 10,500,000 
(78) © 

OT, = 11050 lbs/in*® 


Investigation into plate failure of the piain angle leg. 


2 
From ee 2 Specimen 8477 





Y ave = k We 
". = TT 2 (z)° 
° " YeCis ple) \ Bb 
2 ¢é . 6 i 
b 1.25 
t fe 4 
-— 


[ 5 1. | 9,078 + 6. a6: 
2 16 D 


'~ 


La 


2 
C, = “x 10,500,000 (.062)” = 35800 


ig xe 


Gr 








If we assume three sides simply supported and the 


fourth free, we get 


we @ 0.5 


Oe s- 0.5 x 35800 = 17900 1A” 












If we assume two opposite sides simply supported, the 


eaird built in, and the fourth free, we get, 


k = 1.33 


: a 
of. > 1g3s x 39800) @ 48600 lbs in 


Now experimentally we find- aS... of 37400 lbs/in ~ 

fend therefore we see that we have neither simple support, 
nor rizid clamping at the side which is supported by the 
Other leg, but as We should expect, something between the 


wall 
two. If we use this o. we may find the experimental value c 


ig 


feror this case: 





movestigation of specimen 0478 Tor plate fat lume. 


t/b = +982 5 0.062 (t/b)” = 0.00384 





Poe 








or = k Ge 


c 2 
Ge. t\"  - 35700 
12(1 ~ a”) (*) 





As in the preceding case we may solve for the experi- 


mental value of K, In this case O exp,= 34400. 








Unfortunately we experienced only two plate fatlures. 
However, if we use the mean value of K determined above, 
we can check other specimens (which failed as columns) to 
see if the plate failure stress is higher, thus checking 
me possibility of that stress being critical. 

If we check specimen 10282, which failed as a column 
at a stress of 15780 1b/in”, for plate Bailure With our 


experimental value of K equal to 1.0, we find: 


t= .04 
b = .50 
K =: 1 
> ; Lam’ xE je] ° 
12(1- yr") 


Ter = 60700 1bs/in*® 


That the stress for plate failure is nearly four times 


tne stress for golumn failure. 


“77s 





ieeehenko'<? gives values of K for a conditicn 

























wnen three sides are sinvly suvported and the fourth 

free, and for : condition when two opposite sides are 

memply Supported, the third side built-in, and the fourth 
free. For a bulb angle section neither condition describes 
meeeectual condition of the side at the base of the angle 
meeeuse, Since it is attached to the other leg, it cannot 
considered hinged, nor can it be considerec fixed, since 
the latter would imily complete rigidity wnich is not the 
Mese. Apparently then the condition that describes the 
support of tne sice at the base of the angle lies somewhere 
between these two conditions. Our average experinental value 
Meer confirms this assumption. 

It is suggestec thot when bulb angle sections are used 
lone us columns under conpression and pending further in- 
Meetigsation, the value of K (as used by Timoshenko in 3trength 


Materials, Vol. II) be taken as 1.00. 





IV. BXPHERIMENTAL INVESTIGATION 
(a) Description of specimens: 

The various bulb angle sections used in aircraft 
construction by several of the major aircraft manufacturers, 
were examined and from the lot a representative group of 
twelve was chosen for this investigation. All of the speci- 
mens chosen were 24ST alloy. After giving consideration to 
current bulkhead spacings between which extruded sections 
are used as stiffeners and at the same time taking into 
account the extension into the Euler long and short column 
ranges, column lengths of 22, 16%, 11, and 5% inches were 
chosen for test purposes. In preparing the specimens it was 
essential that the ends be milled square. It should be noted 
that, since bulb angle sections are extrusions, their dimen- 
sions may vary considerable from those given vn the specifi- 
cations. It was found necessary to check all dimensions and 
to recompute all the section properties. These properties 
may vary as much as ten percent from thaw given in the manu- 
facturer's specifications, (Table 1). 

(b) Description of Apparatus: 

In order to obtain a true hinged end condition of the 
columns under test, an end fitting was constructed. A half 
inch ball-bearing was sunk into the base plate of this fitting, 
and bears on a circular hardened plate which in turn rests 
upon the base plates of the compression cage. The ends of the 


bulb angle are clamped into the fittings where adjustments in 


er 












Meee directions @rd Srovided, enabling the ca#Ridrcis of the 
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field bar ~oOunte! am @lexicie toms which in turn @Fre 










and the aie of game 


Mmemeression case. The dial @etwse olunrers bear on the sides 
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of the column is most undesirable it was 







meeenove the plunger main sprinss ne dial gauges, naving 






My the htir spring xzctine. 
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The detail photorzrephs included In the arpendix show 







Mey 0,e COnstruction of the end fittings Bnd the sethed 
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meeclte Up the snecci-icne. 





Brome ing | rocedure: 


The biulb“@ncie i- ‘nounted in the end fittings #78 | imc ay 
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Berceempression c@-c. The circulm@r Sc:arPin’ Pigtec are Cae 







meer between the bails and the oase plates of the cum 


to the @oluan 11 


cD 
oe 


Boome, § Slight loud is aprli 






Ma it in the W&citine end then it is placed approximately 





bh lével. boerGial gaukes warc GM 
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denotes the presence of initial eccentricity which is removed 
by the adjustments in the end fittings. when the load can 

be increased to about ae third of the anticipated final load 
without a change in the dial gauge readings it is assumed 
that all initial eccentricity has been removed. The dial 
pauges are now removed and the load increased steadily until 
failure. The tests were made on two Riehle Brothers testing 
machines, the longer columns in the 3000 pound capacity unit 
and the shorter columns in the 30,000 pound capacity unit. 
The type of failure, load, and description of the specimen 


were recorded, 


-}5- 





i Dieevsotol OF BXPERIMANTAL RESULTS. 

In any open section tested as a column under con- 
pression three types of failures may be encountered, i.e. 
column, plate and torsion. Only two of these three 
possible types of failure occurred in this investigation, 
column and plate. Of the forty-elght specimens tested, 
forty-five failed as columns, two (5¢ inch length) as plate 
failures, and one (53 inch length) as a column failure of 
the bulb alone. 

The plain legs of the two specimens which failed 
from plate failure show a relatively thin section. The 
theoretical calculations of section III show this type of 
failure to be critical for these specimens. It is interesting 
to note that the one specinen of the series whose bulb was 
on the reverse side, that is, outside of the opening between 
legs, failed as a column failure of the bulb alone. 

During the tests great care was exercised in order to 
obtain, as nearly as possible, a fixivty of unity end, to 
remove, as far as possible, any initial eccentricities. It 
appears from the attached curves that we were successful 
Within the limits of experimental error, (Fig. 2). 

Unfortunately the opportunities were very limited as 
regards the investigation of plate failure. However, the two 
specimens which so failed have been analyzed under the section 
devoted to theoretical calculations. 

No torsion failures were encountered in the specimens 


tested. 
ie = 





fe. CONCLUSICNS. 

The material with which this part of the research 
problem was performed was not entirely satisfactory, due 
to the fact that the investigators nad no control over the 
Berameters involved. The bulb angle section, being an ex- 
Mrusion, had to be taken as it could be obtained from the 
Industry. While probably not warranted, it would be desir- 
able from a research point of view, to have a special series 
of dies, thus permitting a series of specimens in which one 
Biinension could be varied holding the others constant. This 
would permit a more systematic study of the effect of changes 
in the parameters and should enable a prediction of an 
optimum cross-section. 

from the investigation as carried out the following 
conclusions may be listed: 


(1) Above a value of L 78 the ‘3uler 


effective/o = 
eurve is followed closely, (Fig.2). 

(2) Below this value of Lert/p the straight line 
formula (9 = 48000 - 400 Lett /p ) appears to approximate 
the experizentel points more closely than the Johnson para- 
meric formula. 

(3) The proportional limit for 245T extrusions is 
approximately 17000 lbs/sa.in. 

(4) when investigating tne plain leg of the bulbd angle 


section for local plate failure the following experimental 


Jai 








value of K for use in the formulae of Timoshenko more nearly 


describes the condition of support at the base of the angle. 


K (Timoshenko) = 1,00 











Comperison of dimensions and sreas of extruded bulb 


angle sections as actually measured and computed, wth those 
taken from the blue prints of the manufacturer. 


Section (Alcoa No.) A 


8477 
8476 
8478 
K-10266 
10265 
OES 2 
3046 
0436 
lece4 
Ke 4200 
K-766 
12678 


8477 
8476 
8478 
K-10266 
10265 
1282 
3046 
04356 
leze4 
K-4200 
K-766 
12678 





1 gS 
1. O80 
pe iets 
1.000 
Bis: (es. 
8, 
Jers Ole) 
1.500 
1,094 
1,094 
512 
~oOT 


As taxen from the 


le die 
1.5008 
1.12 
1.000 
3810 
ee. 
1.500 
1.500 
1.094 
1.094 
~875 
2 000 


B 


1.250 
Asis 
1.900 
PSS 16 
» 000 
» 000 
068 
® 996 
0825 
624 
499 
0445 


1 aeo0 
® 687 
1.900 
aeol 
~ 000 
s 500 


éveco 


1,000 
«Oe 


2620 


PS O)8, 
0458 


~19- 


As measured and computed 


a 


2125 
as 
gle 
095 
094 
.067 
082 
.156 
.125 
118 
098 
065 


blueprints of 


Pas, 
PhO, 
oe 
094 
094 
OG22 
OTS 
¢ Qe 
si 22 
~ 1094 
.094 
0625 


i 
~138 
eel 
sos 
059 
0047 
Vez 
- 104 
° 105 
-Ots 
-0Ge 
044 


- 128 
Oot 
Wie 
0625 
see 
040 
~050 
ole 
~ 1094 
. OES) 
Ome. 


040 


ts 
087 
~O59 
Vor 
~0695 
«Vas 
0042 
~058 
O79 
oes 
~084 
OST 
0044 


«0BZ9 


~O05] 
UGe 


RUS yeqe. 


sock 
~040 
sO50 
~094 


~ 1094 
«OTe 
« UO 


~040 


Area 


oolT4 
« Los 
1679 
oleae 
. O9er 
0647 
. l2ee 
02470 
. L708 
~ 1334 
~0856 
©0402 


the manufacturer 


Ra -ele 
144 
. ee 
. ee 
~090 

Jon 

ol104 
ve loe 
~20485 
~15555 
~ 10399 
04476 
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extrision@ of veriovs shames riveted to sneet to 
eee Wide stiifnesseamd rigidity, are used dMtcnciwely in 
meron2uticel]l construction, grididiuelly replacing sections 
made up formed flat sheet. 

Sor this part of tne resesrch one of the e xtruded 
rb angle sections which was investigetei for its column 


Properties in part one, was chosen for the stifvcener to be 


Seevetc: to tue sheet. 


The bulb anzle section and the sheet which were used 


mo make the pancls, were 245T alloy. 


DESCR IT TICN sND TASULSTICN OF rans 


For the stiffener in the panel, bulb angle seétion 


miGos number 10282 with a cross-sectional area of .39347 scuare 


inches and 4 radius of gyration of .27 inches, was selected. 


roall panels the stiffener spacing was taken ac 4 inches 

Wd the rivet spacing as .75 inches ‘4? Two thickness ves ion 
Meeu were used, namely, .02 and .04 inches. TFé@nels of tro 
ree, and four stiffeners were made and tested, using the 


spacings and thicknesses of sheet. In order to cover 
current range of bulkhead spacings and at the same time 
md into both the wuler long and short column ranges, the 


Agths of the panels cnosen for test purposes were Z, 5), 


Re and 27+ inches. In each penel the sho€t extended 


Cae 
m3 


inches Leyond each outtoard stiffener, that is, the width 


~ ’ a 
Donel With te stiffeners W@s & inphes$; threw Stitt aie 
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c 
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2 
S 
2 
3 
3 
3 
3 
3 
3 
3 
3 
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3 
3 
3 
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rt 
4 
4 
4 
4 
4 
4 
4 
4 
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sheet 


«02 
gO 
aoc 
074 
02 
“672 
04 
004 
004 
004 
004 
004 
SUL 
Oe 
Oko 
~O® 
02 
- OR 
004 
004 
04 
04 
04 
~04 
ee 
uc 
Oc 
SF 
Oya 
Boe 
004 
004 
04 
04 
004 
04 
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area 


~ 1294 
~1294 
1294 
~ 1294 
01294 
01294 
~1294 
e 1294 
01294 
« Le 
21294 
~ 1294 
194] 
~1341 
~Lg4] 
~ 1941 
1941 
«tae 
~1941 
. 41 
~ 194] 
~ 1941 
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~ 1941 
Mp ioNe 
02008 
02088 
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(ouos 
Ae oie: 
02088 
J2eo0 
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2088 
weo88 


Sheet. 
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1S 
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Pus: 
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iS 
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sO 
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024 
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048 
48 
048 
048 
043 
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The following tabulation describes the 


Totel 
area 


2 ee4 
~ 2894 
~2894 
anehe 
~2894 
~2894 
24494 
04494 
~ 4494 
04494 
04494 
4494 
04541 
0434] 
0434] 
0454] 
~6741 
»6741 
5741 
~6741 
08741 
6740 
00188 
.o788 
oT 6B 
oo! Ge 
wo / SC 
20788 
8988 
. 8968 
(8888 
8988 
6888 
-Ovae 


Total 
load 


6250 
6550 
0510 
oy ae 
6160 
0040 
9460 
11080 
9150 
10080 
11150 
9830 
7860 
J590 
1679 
8915 
1oGe 
6690 
16170 
12290 
12870 
14010 
14958 
12240 
11855 
11450 
8720 
FL) 8, 
oeo 
8810 
18200 
£0230 
L7 120 
18390 
17938 
14825 


panels which 


Average 
stress 


21600 
ec640 
18550 
213500 
21300 
17400 
21050 
Z4700 
20360 
22470 
24800 
21909 
PENG 
21630 
17680 
20530 
17500 
15320 
cagl0 
sre 0, 
19O30 
20780 
eckoo 
18150 
20500 
LOO 
15060 
19670 
17260 
LoaZD 
cOgeo 
22000 
19050 
20670 
Looe 
16500 


3 \ 


i es ae oe “ 
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Memocsets Of this wend it is 


}~* 


mperative that the 
memosite €nds be oarallel in order to have an even distri- 
DUution of the load, ith this in mindc the panels were fabri- 
@eeed With & flus @llowance in each length, and then placed 
an the milling mechine and milled to the lengths chosen for 
feoe purrvoses. 
3éefcere the panel wes put in the testing machine, two 
Seeensometers were placec on the side of the sheet opposite 
mee @Owlhich the stiffcners were attached, and near thé 
point Gi Ocvacnment cf the end stiffeners of the vanel. Frem 
the readings of these extensometers the effective width of 
the shect acting with the stiffener can be computed, civing 
meeck On Other methods. 
Byen thowsh the S$ were made so that tne ends were 
it was found to be necessary, 
ais, to shim the ends In lores 


Meoom@it 2n even distribution of the load. shen the pang) 


1s placed fin the tea! {ee mikchine a slight load was applied 


if necdéssa ito were inserted until it seemed apparent 
t the load was evenly distributed al-ng the width of the 
anel. The load was then increased until the panel failed. 
addition to the extensometer readings and feilure load, 
general behavior of each panel was recordec, noting in 
particular the first appearance of waves in both sheet and 
ffener and the passage of waves througn the rivet sp 


latter effect was not pronounced or consistent ana fat lem 


to leave a permanent set in the rivet line. 








IV. ‘CALCULATIONS 

| In order to plot the Euler curves, (Figs. 1,2,3), 
it is,necessary to know the amount of sheet theoretically 
acting with the stiffener and the end load cerried by the 
end tubes. The total Euler load will then be given by the 
formula, 


ne “(eet prenes + effective sheet )*9 + Pend 


Abad is obtained readily from the curve giving the 
experimental "faired" values of.P, (Fig.G). In order to 
obtain consistent results a cross-plot was made. First values 
of P were-plotted vs. number of stiffeners, (Figs. 4,5), then 
from the faired curves a second plot was made of P vs. length. 
These curves are included in the appendix, (Fig.6). 

As an example P,., will be calculated for the 27% inch, 
0.020 thickness panel. 


Poz €Pesgt 2Peng 
where subscript s+s 


Ps » SP + CP refers to stiffener 
sli = plus effective sheet. 
ii s 
P 4? we . rey | 
Poe 4800 = OP gaat (he a 


Poe 6850 = 3P...+2Pong 





- P 


- 2050 
5+5 


P = AS00 ~ $4100 5 350 lbs. 
end 9 


ePie 





This method is followed for all panel lengths, sheet 
thicknesses, and stiffener combinations. Since there will 
DG some scatter a curve was faired, through the plotted 


values of P (Fig.7), and the mean values used to find the 


ena” 
Huler load. 
It ls now necessary to determine the Euler stress 


(G>) of the stiffener alone, for two values of end fixity, 


i.e. k = ae and Kk = on 


FF. 2 kk T &:; 
" ” (Lip )® 
P= OP cats 


Tabulating the results, We obtain: 


L t/ bs (lujo)” eto e 22 2 Og(K = 2) Og(K = 3) 
27.5 102 10400 207,300,000 310,200,000 19,900 29,800 
22,0 81.5 6640 207,300,000 310,500,000 31,100 46,800 
ie.5 61.0 3720 207,300,000 310,£00,000 55,600 83,500 
11.0 45.8 1665 207,300,000 310,300,000 124,000 186,490 

C. 20.4 416 207,300,000 310,500,000 497,000 746,090 

3.0 11.1 123 207,300,000 310,500,090 1,680,000 2,5202000 


“ve can compute constants for use in the two curves drawn 
by Dr. =. =. Sechler of the Institute, (Figs. B-2,8-3, taken 


from reference (3)). 


* t/o ¥ 3/6 : S255 Vif 





for 0.020" sheet for 0,040"sheet 
As 26.2 \ «© 324 
So £ gc. 
t/a j= 0.309 t/a = 0.518 


where A, = 0.0647 (for 10282 stiffener) 
“00% eS 3p oF e206 





The method of using the curves wili be shown by 


working one length. 


L =< olwe" 
t= O@@2o" 
K se 


O',(from preceding page) = 19900 lbs/in® 
ee 2/141 


A: to = 0.115 


Entering curve of effective widths,(Fig. B-2); in this 
case we are on the transition curve between 4A and B. 
Te /p ep 0.265 b = 4 (stiffener spacing) 


mM. 412.12 

From Fig. B-3 we obtain 
G 
Wen = 0-92 
G1 = 19900 x .92 = 18300 lbs/in® 
OF 


hag 


= leo 
x = O. 1 


: e/b* O,<65 


00 
= 


= cele 


U2e2 


Ao 


The correct values of © and ew are therefore 18300 lbs/in® 
and 2.12 inches. We know tnis to be approxinately correct since 
the ratio ore remains the same. The tabulated results can be 
found in Table II Appendix. 
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7 
: The theoretieal walwes of P ¢an now &ercalculated 


using the curves of P..4 vs. length, (Fig. 7 and table II). 


sample Calculation: 


L = 27.5 inches t = 0.020" O- = 18300 lbs./in® 
Astiffener = 0.0647 oN, = elen n = number stiffeners <2 
ages Os0G4T & 2.12 x 0202 = 0.1071 
-nX Agys xO + “Pend 


ees Olt xX eee 2 Kraoo 


Plate Failure of the Outstanding Stiffener Leg. 
In discussing this subject we shall follow the method 


of Timoshenko (Vol. II,Strength of Materials) and will attempt 
to determine a value of K which will suit the conditions of 
support of the panels tested. We know that none of the con- 
ditions of support for which Timoshenko has tabulated values of 
K exactly fit our case. In our panels we have three sides in 
Which the fixity varies between a simple support and a built-in 
condition and a fourth side which is not entirely free due to 
some restraint provided by the bulb of the bulb angle pootieh. 


From our results we will determine an experimental value 


Om K. 
Length of Panel =a 
b = Oats 
7S vod? 





" “26 - 








O = oe, 


8 
ge) - 2° a” - 1 *x 10,500,000 x (0,047) 

12b* (1--4*) 12 x (0.75)© x (1-209) 
Te = Ssh.ue = 37150 1bs/in® 


It must be noted at this point that 9,, is the 
actual critical stress inthestiffener leg. It will probably 
always be difficult to predict this stress from the average 
stress in the panel or from the compressive load and the geo- 
metry of the cross-section. We have, therefore, defined © @, 


as the average stress in the panel at failure. 


Teor 2 "failure 
Atotal 


Tt is felt that this definition will permit the engineer 

to work entirely with knovmauantities: An experimental value 
of K will now be determined, using the properties of the three- 
Stiffener section. This K will be tabulate@ for different 
values of a/b and checked by predicting the failure load for 
several of the panels with two and four stiffeners. 
Method of obtaining K; 
(a) 3 - Stiffeners 

Lb:sa@ se 3" BS ge 0.75" a/b = 4.0 

thickness sheet = 0.020" 

GY. = 37150 lbs/in® 


8total = 3 Astifrener + Asheet = 3 x -0647 + .02 x 12 


Ay = 0.4341] 


P = 8700 


Gers 8200 & 20050 lbs/in” 
oe * Aen) / 


K - 2605) - 0 















Joe beat fiemier s 
a) = ay le) = Oa gyi a/b oa) 


thickness sheet - 0.040" 


37150 lbs/in® 





Ceeeeot sy t+ 204 x4 12 P =< 14700 los. 


set A LS, 
-Of4] 


K = 21800 = Sao | 
ole 0 














. 21800 1lbs/in® 











And similarly for other values of a/b. 


Table @ae K tor vearicus values of. a/b 








meamectwnesg@ of sheet - C.0c0" 







fy 


mee = 4.0 es: i Srere SO oH BARS 08.70 





0.540 Cece | 0.933 Ose] OS 702 0.446 






thicknes; of shect - 0.040" 








4.0 iermers 14.58 Cae Be 50.70 
O240'1 0.585 Oveae ? CRS as 0.046 0.488 


mie reason for this difference in K@aith werying 













Meet thicknesses is probably due to the increase in end 


tXity with increasing sheet thickness. 


wr 


It should now be possible to use these values of K and 





edict U.., and hence the load at failure. We will do this 





, a check on K by workine out a theoretical P for several 
nels with two and four stiffeners, mmparing the value obtainec 


ith the actual load at failure. 


meee 


It should be noted that O, is a constant for any 
given stiffener. In the case of the 10282 section used in 


this investigation, O, - 37150 lbs/in*. 


Checking values of K: 
(a) 2 - Stiffener, sheet thickness 0.020!" 


a= 16.5" Deg 0075" afb = 22% 
K = 0.521 
GT, = 37150 lbs/in® 
Ter= KO, = 0.52] x 37150 = 19350 lbs/iné 


Age 2 x 0.647 + .02 x 8 = .2894 


(b) € - Stiffener, sheet thickness 0.040 
B>e.5 Be O.75" a/b + 35 
K = O@035 


37150 lbs/in® 


_ 
e 

7, .= 0.585 x 37150 = 21700 lbs/in* 

Ags 2 x .0647 + .04°x 8 = .4494 


Pineory = +4494 x 21700 = 9760 lbs. 


Pactual * 11080_lbs. 








Stiffeners, sheet thickness = 0.020 
b @& O75" a/b - 4.0 


= 37150 lbs/in® 


= XO, 2 20050 lbs/in® 


ba om, Ceer + «02 @ iS = .5788 


Peheory = SopAt = 11600 lbs. 


Pektnal = 1) Ses lbs. 


Stiffeners, sheet thickness = 0.040" 
» 2er b s 0.75" a/b = 29.35 
: 0.546 
37150 1lbs/in® 
Tepe 20300 lbs/in® 
Ate ax .OG@@/7 + .04 x 16 = .8986 
Prneory = 18200 lbs. 


om our results in general it is believed that these values 


. will give conservative results. 








V. DISCUSSION OF EXPERIMENTAL RESULTS 





The behavior of the panel while under test was in- 
teresting. The formation of waves, while the same in both 
thicknesses of sheet, was much easier to see in the 0.020" 
panels. Under a relatively low load a slight wave is first 
noticed in the sheet between stiffeners. As the load is 
increased the waves in the sheet become deeper and extend 
closer to the stiffeners, while the outstanding leg of the 
stiffeners goes into a wave form. Near failure the waves 
in the sheet go through the rivet line of the stiffeners and 
the waves in the outstanding leg become pronounced. In every 
panel tested failure resulted from a plate failure of the 
outstanding leg of the stiffener. In the 27.5" panels a 
tendency was noted for the panel to fail as an Euler column, 
mewever, the critical condition was still a plate failure of 
the outstanding stiffener leg. | 

From the curves, (fig. 1,2,3) the actual end fixity 
was estimated. This was done by plotting wuler curves for 
different values of fixity and observing where the faired 
experimental curves became tangent to the guler curves. The 
end fixity of the panels tested was: 2.7 for the 0.020 sheet 
tTavekness and 3.2 for the 0.040 sheet thickness. 

From our investigation it would appear that for the 
particular combination of sheet, stiffener and rivet spacing 
used an empirical value of k can be determined. This velue 
of k is used in tie formulae given by Timoshenko (Strencth of 


Materials, Vol. II, page 605). The definition of Tae the 


eee 








average stress in the panel at failure is, we believe, justi- 
fied since it is that stress which the designer will cal- 
culate in any application to stressed skin structures. 
Since O, is a constant for a particular stiffener; it is 

only necessary to look up k, entering table IV with the 


ratio 


a/b = rib or bulkhead spacin 
height of outstanding leg 


The value of ©, may then be calculated from the formula: 


Cer =o, 


If the average stress (using whole area) is equal to or 
aeove J, the panel will fail due to plate failure of the 
outstending leg of the stiffener. It is suggested that more 
work be done along this line, using other stiffener, sheet 
combinations, and attempting to achieve an end fixity which 
will closely approximate those found in the actual structure 


of the airplane. 


nis 





ol. DOING LI SroNS 
(1) It will be evident from an examination of 


_~ 


Pigures 1, --,and 3, that the experimental values for the 
eleven inch panels fall considerably below the faired 
M@arves. This error is consistent, and is present in all 
combinations of sheet thicknesses and number of stiffeners 
meecea in tnis length. There is no explanation for Unis 
behavior and lack of time prevented a re-check by the authors. 
Ht is recommended that the eleven inch points be regarded 
with doubt and checked by the personnel assigned to this 
mesearch next year. 

(2) The end fixity for the panels tested was found 
me be; 


2.7 (sheet thickness of 0.020") 
See (shect thicknee.s of 0.040) 


(3) For the tyne of bulb angle section used as stiffener 
in these tests an experimental value of K has been determined, 
(table IV). The proper value of K, taken from table IV, is 
to be used in Timoshenko's for ulae (Strength of Meterials, 

Vol. II, page 605), with nodifications as outlined in Section 
Memor twnis paper. Following the method given, a close 
approximation will be obtained for the load at which plate 
failure of the outstanding leg occurs. 

(4) There was no tendency for tne type stiffener 


mered in these tests to fail in torsion. 
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(5) Extensometer readings were taken during all tests. 
From these readings the theoretical value of the effective 
width of sheet acting with the stiffener could be checked. 
The authors were unable to carry this project through in the 
time available and it is suggested that it be done at a later 
date by the group assigned to a like problem next year. 

(6) It is recommended that this project be carried 
on following similar eee It would be desirable to test 
at least two panels in each length, sheet thickness, and 
number of stiffeners. The eleven inch lengths in the panels 
tested by the authors should again be tested and a check made 
of the values obtained in this investigation. Due to the 
greet importance of this type of construction in the Industry 
it is suggested that as many of the remaining eleven bulb 
angle sections (see Part One) be attached to sheet and tested 
as time will allow. 

(7) An important variable which will affect the-value 
of K obtained for the outstanding leg and which should also 
be investigatec is the ratio of the bulb area to the area 
of the outstanding leg of the section. This ratio will deter- 
mine to a large extent the amount of fixity to be assigned to 
the outstanding leg and therefore determine to a large extent 


the value of the constant K. 


SA 





abi sNDIX 


Perr=seaxley Thesis of 1965. 


3. Timoshenko - Strength of Materials, Vol.II, page 606. 


Coupresciws Stress Distribution of Stiffemed Shea & 
Pomoc, UY. &. Sechler, Journal of the seronegries, 
SClienees, Jum, 1237. 


sffect of Rivet Spacing on ctiffened Thin Sheet 
Under Compression, @Y L. Ho®land, Journal of the 
Aeromeutical Sciences, Octeber, 1936. 
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i __ Feritt. + sheet panel Avg. Fie. +Sneet Avg. Fane! 
0.020 9,947" 0.020" 0,040" 69.029" 0.040° 0.020" 0,040" 
_ 4300 ; 4000 | O 100 | 
219 2100 3900 200 200 Z1CO 3900 267 “£30 
__ 1900 3800 600 400 
b @250 3300 625 1S 00 — 
a2.0 2175 3900 106 1500 A1VS 3800 725 1500 
2100 4900 850 1500 
2050 5800 1325 1500 
RRS 3800 7S0 1Soo AI2e 33890 10S8 1500 
2200 3300 1/00 1§00 7 
. 2200 3800 400 100 
2150 3850 4500 650 £1SO 3855 467 o33 
2100 3900 550 550 
oo 3700 1500 1@00 
55  2e6s 3800 = 15 $0 1500 = £080 = 38001567 147 
"3 000 3900 1650 1300 
2200 3800 oo 2100 
5.0 =. 2.100 3850 400 2050 4100 3850 433 £033 
q 2000 3400 1100 1950 
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kart Two 
Table IV 


SS 


Thick ess of sheet - 0.020" 


% 40 735 14.68 22.0 2935 36.70 
K 0.540 0.537 0,533 0.521 0502 0446 


Thickness of sheet «0.0407 


: %m 4.0 735 14.68 22.0 29.35 36.70 
K 0,587 0.985 0.58% 0.575 0,546 0.433 


These valves only apply when using ALCOA 
humber 10282 extruded bulb angle peut Mee as 
stiffeners . 
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